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Description 

Technical Field 

5 This invention relates to electrochennical cells such as fuel cells, and stacks of such cells operable to 

generate significant announts of electricity. More particularly, this invention relates to cooling systenns for 
fuel cell stacks, which cooling systenns ennploy water as the coolant. 

Background Art 

10 

Fuel cells are arranged in stacks for the production of commercially significant amounts of electricity. 
The cells are formed from plate-like constituents which are stacked one atop the other and electrically 
connected in series so as to produce significant voltages. In fuel cells of the type which require cooling, 
there will be a plurality of cooling plates interspersed throughout the stack so that the operating temperature 

15 of the entire stack will remain in a predetermined range. The specific coolant used can be gaseous or can 
be a liquid, such as water. The coolant system in a power plant using one or more fuel cell stacks is 
generally a closed system with the coolant being circulated through the stack or stacks in heat exchange 
relationship with the cells to pick up heat from the latter by boiling part of the coolant. The resultant steam 
and water are then circulated through a steam separator which removes the heat and steam from the 

20 coolant. The steam is then used for fuel processing. The liquid coolant is then recirculated back to the cell 
stacks. When the coolant is water, the conditions to which it is subjected cause corrosion of the various 
cooling system components. The corrosion product particles become entrained in the water coolant, which 
can clog narrow passages in the closed coolant system. Iron oxides and copper precipitates, in particular, 
have been noted in the conduits of such water cooled essentially closed circuit coolant systems. 

25 Maintenance thus requires periodic chemical or physical cleaning of these deposits before one or more of 
the coolant passages become completely clogged. 

In GB-A-2 151 840 a recirculation cooling system for electrochemical cells is disclosed comprising a 
stack of electrochemical cells to be cooled through which are interspersed a plurality of cooler assemblies. 
The coolant flow path is defined by a coolant feed tube, a coolant return tube, and coolant conduits 

30 extending from the feed tube to the return tube and including coolant tubes disposed in the cooler 
assemblies. In order to avoid blockage of the coolant flow path by particles suspended or dissolved in the 
cooling fluid the flow path is constructed such that its minimum hydraulic diameter is equal to or greater 
than three fourths of the average hydraulic diameter of the coolant tubes, i.e. small diameter sections are 
avoided. 

35 In Patent Abstracts of Japan Vol. 10 Number 384 (E-466) [2441] December 23, 1986 a high 
temperature fitter for cooling water of fuel cells is disclosed. After having passed a gas/liquid separator the 
coolant fluid leaving the reaction vessel is fed into a filter in order to remove copper and iron material from 
the cooling fluid. A portion of the water having passed the filter is additionally treated in an ion exchange 
resin tower. The filter material is washed by pressing water from a cooling water reservoir in an opposite 

40 direction to filtering through the filter. 

The coolant system of this invention operates with a water coolant and is designed to provide maximum 
stack usage between coolant system cleanings so as to increase the operating time of the power plant. It 
has been observed that the coolant inlet manifold ports or sniwies is a primary location for accumulation of 
corrosion product deposits and other suspended material in the coolant system, and that such suspended 

45 particles can deposit at the bottom of the inlet manifold and preferentially in the bottom sniwies. The 
constant influx and outflow of water through this inlet manifold will tend to recirculate material as it settles 
toward the bottom of the manifold. Continuation of such resuspension of settling particles will result in the 
lower portion of the manifold wall on the snivvy side thereof experiencing heavy, thicker than normal 
coatings of the corrosion deposits. Thus, the side of the manifold where water flows into the sniwies to the 

so coolant plates in the stack and the snivvy walls can become heavily coated with material deposited from or 
carried by the water to the extent that the sniwies can plug. This problem of nonuniform distribution of 
deposits among all sniwies and along the entire manifold length occurs when the water inlet to the inlet 
manifold is positioned at the bottom of the manifold. In such a case, the inflowing water is constantly stirring 
up and redistributing and agglomerating material that wants to settle in the bottom of the manifold, to the 

55 lower sniwies. 

The coolant system of this invention is designed to substantially eliminate the preferential deposition by 
evenly distributing the depositing material in the inlet manifold and sniwies so that the stacks will be 
adequately cooled through longer operational periods of the power plant. With the system of this invention 
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the sniwies will remain unclogged for longer periods of time so that maintenance cleaning of the power 
plant can be performed after longer operational intervals. Thus, overall uptime of the power plant is 
improved. 

In the coolant system of this invention, the water coolant is introduced into the coolant inlet manifold at 
the top thereof above all of the sniwies through a large radius eibow which decreases turbulence. The 
water thus flows through the inlet manifold in a downward direction and then out of the manifold via the 
sniwies. There is a bleed passage at the bottom of the inlet manifold which lies below the lowermost 
coolant plate snivvy and which provides a flow passage directly to a water ion exchange bed polisher 
bypassing the stack. The bleed passage provides a detour around the stack whereby particles which would 
otherwise settle in the bottom of the inlet manifold and perhaps agglomerate there or flow into the lower 
stack sniwies. will be continuously transferred around the stack and over to the polisher where they will be 
removed from the water, and the water then returned to the cooling system. Once in the polisher, the 
dissolved solids in the water are removed by ion exchange, and iron-based particles are removed by 
adhering to the anion resin fraction in the polisher. The treated water is then returned to the cooling loop. In 
this manner, the larger, heavier suspended particles will tend to move toward the bottom of the inlet 
manifold where they will be transferred to the polisher, bypassing the stack. Areas of excessive deposit, 
accumulation, and agglomeration of material in the coolant water are thus avoided, and the larger and 
heavier particles do not tend to pass into the coolant inlet ports in the stack. In the system of this invention 
there will still occur particle deposition within coolant conduits, but the deposition which does occur is 
relatively evenly distributed and there is a minimizing of local excessive buildup. The result is that the 
power plant can be operated for longer uninterrupted periods of time between cleanings of the coolant 
system. Another result of more uniform deposition in all sniwies is that liquid chemical cleaning, which 
must depend on relatively uniform flow rates simultaneously through all sniwies. can be accomplished 
more quickly. During such chemical cleaning of the prior art inlet manifold, most of the flow is through the 
relatively unrestricted top sniwies. Slight deposits in these sniwies are quickly removed. However, the slow 
or no flow conditions in the more restricted or blocked bottom sniwies removes the thicker deposits much 
more slowly. 

It is therefore an object of this invention to provide an improved cooling system for a fuel cell stack 
which permits the stack to be operated for longer periods of time between coolant system conduit 
cleanings. 

It is a further object of this invention to provide a fuel cell stack cooling system of the character 
described wherein the lowermost coolant sniwies of the coolant manifolds are protected against premature 
blockage by particulate matter from the coolant by more evenly distributing the particulate matter 
throughout the manifold and sniwies. 

It is an additional object of this invention to provide a cooling system of the character described wherein 
localized excessive concentrations of suspended particulate matter and excessive conduit deposits are 
minimized. 

These and other objects and advantages of the invention will become more readily apparent from the 
following detailed disclosure of a preferred embodiment of the invention when taken in conjunction with the 
accompanying drawings. 

Brief Description of Drawings 

Fig. 1 is a somewhat schematic elevational view of a stack cooling system which uses water as the 
coolant and which is constructed in accordance with the prior art; 

Fig. 2 is a fragmented sectional view of the lower portion of the coolant inlet manifold of the prior art 
system of Fig. 1; 

Fig. 3 is a fragmented side sectional view of specific ones of the coolant inlet sniwies; 

Fig. 4 is a schematic elevational view of a stack cooling system formed in accordance with this invention; 

and 

Fig. 5 is a graphic representation of the improved coolant circulation achieved with the system of this 
invention as compared to the system of the prior art. 

Best Mode for Carrying Out the Invention 

Referring now to the drawings, there is shown in Fig. 1 a fuel cell stack assembly which is cooled in 
accordance with the prior art. The fuel cell stack, denoted generally by the numeral 2. is cooled with water 
which is fed into and through a plurality of interspersed coolant plates from an inlet manifold 4. The water is 
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pumped into the inlet nnanifold 4 through an inlet conduit 6 which opens into the bottom of the inlet manifold 
4, A plurality of feed conduits, or snivvies 8, open from the inlet manifold 4 and extend toward the stack 2. 
Dielectric hoses 10 are clamped to each snivvy 8 on one end and on the other end to feeders 12 for each 
of the cooling tube arrays within the cooling plates. After the coolant water passes through the cooling 

5 plates, the water and steam flow into outlet pipes 14 to which are clamped dielectric hoses 16. The hoses 
16 are also clamped to outlet snivvies 18 which feed the water and steam to an outlet manifold 20. The 
outlet manifold 20 is connected to an outlet conduit 22 from whence the water and the steam flow through a 
steam separator (not shown) prior to the water being returned to the inlet conduit 6. 

Referring to Fig. 2. there is shown a representation of the inside of the inlet manifold 4 which is fed 

10 from the bottom as per the prior art, and the water flow patterns in the manifold 4, as well as the manner in 
which particulate material is suspended and deposited in the manifold 4. As the water enters the manifold 4 
from the bottom per arrow A, the water flow rate exhibits a symmetrical linear velocity profile Pi (shown in 
phantom), and the material deposited on the wall of the manifold 4 is deposited symmetrically in the lower 
entry area of the manifold 4, as indicated at Di. and is also deposited in the bottom snivvies. Inlet 

75 turbulence caused by the right angle inlet elbow may contribute to a recirculation pattern in this area. As the 
inflowing water rises through the manifold 4, its flow pattern becomes asymmetrical due to the outflow into 
the snivvies 8 and decreases in linear velocity. The water flows upward at a faster velocity on the sniwy 
side of the manifold, as shown by profiles P2 through P7. This asymmetrical flow profile causes particulate 
matter suspended in the water to be swirled in a counterclockwise loop L. Swirling of the suspended 

20 particules in turn causes asymmetrical deposits of material on the inner portions of the manifold wall with 
little or no deposition occurring on the wall away from the snivvies. and with accentuated deposition 
occurring on the snivvy side of the manifold as per D2. Materia! that would otherwise settle toward the 
bottom of the manifold is constantly swirled back up through the manifold 4 along the snivvy wall and into 
the snivvies 8. 

25 Additionally, some agglomeration of swirling particles is believed to occur which results in creating 
larger particles which can settle toward bottom snivvies, enter them and cause blockage. Bottom snivvies 
may also receive blockage particles from manifold inlet turbulence due to the right angle elbow. The overall 
linear velocity in the manifold decreases after each sniwy by the amount of flow through the sniwy, 
whereby average linear velocity in manifold decreases, and flow profile becomes more asymmetrical, as the 

30 coolant flows up the manifold. 

As shown in Fig. 3, the increased concentration of deposited material and suspended material will 
cause flow problems in the lower snivvies. The snivvies 8", 8" and 8 shown in Fig. 3, are depicted as they 
are situated in the manifold 4 with 8' being the lowest and s" being the highest. It will be appreciated that 
more suspended material will be swept into the lower snivvies 8' and 8* than will be swept into the upper 

35 sniwy 8 . As shown in the sniwy 8', particulate-laden water is drawn into and flows per arrow B through the 
sniwy due to its low position in the manifold. This results in increased corrosion deposits being formed on 
the internal wall of the sniwy 8' which will block the snivvy and close it to further water flow. The snivvy 8' 
is located higher up on the manifold 4 but still in the particle swirl area. The flow direction of water is again 
shown by arrows B. The snivvy 8* has had its entrance plugged by a larger particle of suspended material 

40 which was swept into the sniwy by the swirling water. This also effectively blocks the sniwy 8* against 
further passage of water. The sniwy 8* is higher still on the manifold 4, above the majority of the particle 
swirl. At this height, the lower overall linear velocity acts to reduce the concentration of particles which can 
reach this snivvy. Water flows through the sniwy 8* in the direction of the arrows 8. It will be noted that 
corrosion deposits will occur on the internal wall of the sniwy 8 , but they will not be as heavy as the 

45 deposits in the sniwy 8', nor is there a likelihood that suspended particles will be swept up to the sniwy 8* 
to present a blockage problem, as will be present in the lower sniwies, such as 8*. It will be appreciated 
that increased corrosion deposits in the lower sniwies will require more frequent cleaning of the entire 
system to ensure proper cooling of the stack 2. For example, the entire system will have to be cleaned 
even though half of the sniwies may be perfectly functional. Additionally, the lodging of larger particles in 

50 the bores of the lower sniwies creates low snivvy flow conditions which can cause cell stack sections 
involved to be hotter than desired. This unpredictable situation is difficult to diagnose. 

It will be appreciated that the snivvy bores can be constant in diameter, as shown in Fig. 3, or can 
include pressure control constrictions, either at their inlets or further into the bore. 

Referring now to Fig. 4. the cell stack cooling system of this invention is shown. The system of Fig. 4 

55 avoids the premature and uneven clogging of the sniwies as follows. The cell stack is denoted generally by 
the numeral 102 and coolant water is fed into the stack cooling plates from the inlet manifold 104. The 
water is fed into the inlet manifold 104 through the inlet conduit 106 which opens into the top of the inlet 
manifold 104. The inlet conduit leads into the manifold 104 through a large radius elbow 105. the radius of 
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which is about three to four pipe diameters. The use of the larger than prior art radius entry reduces inlet 
turbulence in the top of the manifold 104. The inlet manifold has the inlet snivvies 108 connected to 
dielectric hoses 110 which in turn are connected to the coolant plate feeders 112. At the bottom of the inlet 
manifold 104 there is a terminal bleed snivvy 109 connected to a sleeve 111 which in turn is connected to a 

5 bleed conduit 113. On the cooling outlet side of the stack 102. there are the cooling plate outlet pipes 114 
connected to the dielectric hoses 116 which in turn are connected to sniwies 118 on the outlet manifold 
120. The outlet conduit 122 is connected to the outlet manifold 120 at the top of the latter. The bleed 
conduit 113 is connected to a polisher 115. which contains an ion exchange bed and which is connected in 
turn to a coolant line 117 leading to the coolant recirculating line 119 which delivers water from the steam 

TO separator to the coolant circulating pump 121. The low flow in the bleed line 113 allows the coolant to cool 
to the lower temperatures required for the ion exchange polisher 115. The pump 121 then recirculates the 
coolant water back to the inlet conduit 106. Since the water coolant enters the inlet manifold 104 from the 
top. there is substantially no upward flow of water in the lower portion of the manifold 104. Thus, there is no 
upward swirling of suspended particles in the manifold 104. The corrosion product particles that have a 

75 tendency to settle will migrate to the lower portion of the manifold 104 and will tend to pass through the 
bleed snivvy 109. through the conduit 113 and polisher 115 and thence back to the inlet manifold 104 at the 
top thereof. These particles will thus tend to be removed in the polisher, and the cleaned water will be fed 
back into the coolant recirculation line 119 to be recirculated back through the system. With the system of 
Fig. 4. there will be no excessive localization of suspended particles, and no repetitious swirling of the 

20 concentration of particles over any particular portion of the manifold 104. The result is that corrosion 
product deposition tends to occur relatively evenly throughout the manifold and snivvies so that the stack 
102 can be operated for longer periods of time between chemical cleanings of the cooling system. As 
noted, the large radius bend at the top of the inlet manifold will tend to reduce turbulence and possible 
agglomeration of corrosion product particles. 

25 Referring now to Fig. 5. there is shown a graphic comparison of the operating efficiency of the prior art 
system of Figs. 1 through 3 as compared to the system of this invention shown in Fig. 4. The X axis 
denotes operating hours of a stack and the Y axis denotes relative blockage of the snivvies in. a stack inlet 
manifold. 

Relative blockage is determined by dividing the constant .0525 by the equivalent orifice diameter (Dgq). 
30 The equivalent orifice diameter, in turn, is calculated from the formula 



40 



[(5.2 X 10-') x-^iii—] 1/4 i 



Deq = 

35 pn ^ P 



( Deq = 



-7 

(2.8 X 10 ) X — 2 



pn ^ P 



1/4 



where: w equals the flow rate of water in kg/h (Ib/hr); p equals the density of water in kg/dm^ (Ib/ft^); n 
equals the number of snivvies in the manifold; and A P equals the pressure drop in N/cm^ (psi). 

In the graph, a relative blockage of one indicates a clear and open passage. Increases in relative 

45 blockage indicate narrowing of passages by internal buildup of deposits. The horizontal striped area 
indicates that cleaning of the passages should be performed af a relative blockage of about 1 .35. The 
stippled or shaded area is representative of performance data taken from about fifteen power plant stacks 
which manifolded the coolant as per the prior art shown in Figs. 1 through 3. When using the prior art 
system, the stacks had to be cleaned after operating in the range of one thousand to two thousand hours. 

50 The data represented by the small circular points represents performance data from a stack which 
manifolded the coolant as shown in Fig. 4. That stack operated for about two thousand two hundred hours 
without requiring a cleaning of the coolant conduits. The data represented by the small squares indicates 
performance data from another stack in which the coolant was manifolded as shown in Fig. 4. That stack 
operated for a total of three thousand six hundred hours without requiring a cleaning of its coolant passages. 

55 It will be readily appreciated that with the change in the coolant inlet manifold which is shown in Fig. 4, 
the operating life and resultant efficiency of the fuel cell stacks was remarkably prolonged and Improved. 

It should be understood that the invention is not limited to the particular embodiment shown and 
described herein, but that various changes and modifications may be made without departing from the spirit 
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and scope of this novel concept as defined by the following clainns. 
Claims 

5 1. An electrochemical cell cooling systenn of the type which uses a water coolant, said system comprising: 

a) a stack (102) of electrochemical cells to be cooled, said stack including a plurality of cooling 
plates interspersed therethrough; 

b) a water coolant Inlet manifold (104) disposed on one side of said stack, said inlet manifold having 
a top end and a bottom end and a plurality of coolant feed ports (108) extending from said inlet 

10 manifold to said cooling plates for feeding coolant from said inlet manifold to each of said cooling 

plates: 

c) a water coolant inlet conduit (106) operably connected to said inlet manifold (104) for admitting 
coolant water to said inlet manifold via said top end of said inlet manifold; 

d) a coolant bleed port (109) disposed at said bottom end of said inlet manifold (104) below a 
;5 lowermost of said coolant feed ports (108). said bleed port being thus positioned to be in a zone of 

said inlet manifold into which corrosion product particles will settle in said inlet manifold, and said 
bleed port providing a constantly open passage through which settling corrosion product particles 
will exit from said inlet manifold; 

e) a bleed conduit (113) operably connected to said bleed port (109) to- duct corrosion product 
20 particles from said inlet manifold (104) to a polisher (115) wherein said particles will be removed 

from said water coolant; and 

f) means (117) for returning said water coolant to a main stream of said cooling system after 
treatment in said polisher (115). 

25 2. The cooling system of claim 1 wherein said means (1 17) for returning is operably connected to said top 
end of said inlet manifold (104) to return water coolant thereto. 

Patentanspruche 

1. Ein Kuhlsystem elektrochemischer Zellen vom Kuhlwasser verwendenden Typ. welches aufweist: "'■^'^ 

a) einen Stapel (102) von zu kuhlenden elektrochemischen Zellen, wobei der Stapel eine Mehrzahl 
von in ihm verteilt angeordneten Kuhlplatten aufweist: 

b) eine auf einer Seite des Stapels angeordnete Kuhlwasser-Einlaj5-Verteilerleitung (104), wobei die 
Einlai3-Verteilerleitung ein Oberende und ein Unterende und eine Vielzahl an Kuhlmittel-Einspeisoff- 
nungen (108) hat, die sich von der Einla^-Verteilerleitung zu den Kuhlplatten erstrecken. urn 
Kuhlmittel von der Einla/5-Verteilerleitung zu jeder der Kuhlplatten zuzufuhren; 

c) eine Kuhlwasser-EinlaiSleitung (106). die mit der Einlaj3-Verteilerleitung (104) betriebsmajSig 
verbunden ist, zum von Kuhlwasser in die Einla/J-Verteilerleitung auf dem Weg uber das Oberende 
der EinlaO-Verteilerleitung; 

d) eine Kuhlmittel-Auslaufoffnung (109), die am Unterende der Einla/3-Verteilerleitung (104) unterhalb 
einer untersten der Kuhlmittel-Einspeisoffnungen (108) angeordnet ist, wobei die Auslaufoffnung so 
angeordnet ist, dai3 sie in einer Zone der EinlaiS-Verteilerleitung ist, in die sich in der Einlafi- 
Verteilerleitung Korrosionsproduktteilchen absetzen werden. und wobei die Auslaufoffnung einen 
dauerhaft offenen Durchgang schafft, durch den sich absetzende Korrosionsproduktteilchen aus der 
EinlaB-Verteilerleitung austreten werden; 

e) eine Auslaufleitung (113). die mit der Auslaufoffnung (109) betriebsmaiSig verbunden ist, urn 
Korrosionsproduktteilchen von der Einlafl-Verteilerleitung (104) zu einem Reiniger (115) zu leiten, in 
dem die Teilchen aus dem Kuhlwasser entfernt werden; und 

f) eine Einrichtung (117) zum Zuruckfuhren des Kuhlwassers zu einem Hauptstrom des Kuhlsystems 
nach der Behandlung in dem Reiniger (115). 

2. Das Kuhlsystem nach Anspruch 1, bei dem die Einrichtung (117) zum Zuruckfuhren betriebsmaiSig 
verbunden ist mit dem Oberende der EinlaB-Verteilerleitung (104). um Kuhlwasser zu ihr zurOckzufuh- 
ren. 

55 

Revendications 

1. Systeme de refroidissement pour pile electrochimique du type utilisant I'eau comme agent de 
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refroidissement, ledit syst^me comprenant: 

a) un empilement (102) de piles electrochimiques a refroidir. iedit empilement comprenant une 
pluralite de plaques de refroidissement intercalees dans I'empilement; 

b) un conduit d'admission (104) de Teau de refroidissement dispose sur un cote dudit empilement, 
ledit conduit d'admission presentant une extremite superieure et une extremite inferieure et une 
plurality de tubulures d'alimentation (108) de I'agent de refroidissement s'etendant dudit conduit 
d'admission auxdites plaques de refroidissement pour introduire I'agent de refroidissement a partir 
dudit conduit d'admission dans chacune desdites plaques de refroidissement; 

c) un tuyau d'admission (106) de I'eau de refroidissement relie de fagon operationnelle audit conduit 
d'admission (104) pour introduire I'eau de refroidissement dans ledit conduit d'admission par 
r intermedial re de I'extremite superieure dudit conduit d'admission; 

d) un orifice de vidange (109) de I'agent de refroidissement dispose sur ladite extremite inferieure 
dudit conduit d'admission (104) au-dessous de la plus basse des tubulures d'alimentation (108) de 
I'agent de refroidissement, ledit orifice de vidange etant ainsi positionne pour etre dans une zone 
dudit conduit d'admission dans laquelle des particules de produit de corrosion se deposent dans 
ledit conduit d'admission, et ledit orifice de vidange fournissant un passage constamment ouvert par 
lequel les particules de produit de corrosion se deposant sortent dudit conduit d'admission; 

e) un tuyau de vidange (113) relie de fagon operationnelle audit orifice de vidange (109) pour 
conduire les particules de produit de corrosion a partir dudit conduit d'admission (104) vers un 
dispositif de traitement par echange d'ions (115) h I'interieur duquel lesdites particules sont 
eliminees de I'eau de refroidissement; et 

f) des moyens (117) pour renvoyer ladite eau de refroidissement vers un courant principal dudit 
systeme de refroidissement apres traitement dans ledit dispositif de traitement par echange d'ions 
(115). 

Systeme de refroidissement seion la revendication 1 dans lequel lesdits moyens (117) pour renvoyer 
I'eau de refroidissement sont relies de fagon operationnelle a I'extremite superieure dudit conduit 
d'admission (104) pour y renvoyer I'eau de refroidissement. 
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! il linjvorUcgenden Anspnich 1 ist ein Kflhlmittel:(al$ Stoff) bean4)iucht. u.i. dadur^|.;' 
fgekennzlikhnet. daJJ im Kiihlkreislauf eine lonentauschereinheit angeordnet ist. ' ' / 1'| 
'es kannjiin Merkmal eines Slofles sein, daB er in einer bestimmten ^paratur fjrwcr^^, 

\ jwird - deiauf das Kuhlmittel gerichtete Anspnich 1 ist deswegen formal zu beaWstahden|| 

I |Ferne^ ist [n den Anspriichen 1. 2, 5 und 6 stets die Rede von . JCohlcnwassersto^' als " 
Bestaildtejl Kuhlmittels. also von Verbindungen , die lediglich Kohlenstpff- und :| • ■ 

' IWasserstdfFatpme im Motekul beinhalten. im Anspnich 7 sollen aber Alko^Ole und Glyk4| ; 

' alsB^staitdteil enthalten sein. welche keineswegs als Kohlenwisserstc^ anzus^en smd^ 

-1 ' . - ^ ■ 

2. Aiis (1) -vgl. Fig.4 i.V.m. S.9 ist bereits ein Kuhlkreislauf fur Brennstoffzellen | 
i bekannt. <|er zur Entfernung von Metallionen aus dem Kuhlmittel einen lonentauscher (1 fo 
: i enthalt/dalJ man auch wassrige Kuhlmittel mit Gefrierschutzmittein (also Alkoholen und 
' j Glykol^ mit Anion- und Kationtauscher-Harzen zum Entfernen von Metallionen behancjeln 
: I kann, ist [.B. aus 2 bekannt. Dem Fachmann war es in Kenntnis von (i) und (2) deshalb (|me 

j erfinderiih titig sein zu mussen moglich, in Kuhlkreislaufen (itisbesonder'e von " • 
: j Brennsiofezellen) einen lonentauscher zu installieren und als Kuhlmittel vibliche' 
! Gefrierschutzmittel aus Wasser und Alkoholen einzusetzen. ' •! 

' ■ ; i . . • . ... ■ if, .• ■ 

I \ Die (kg^nstande der vorliegenden Anspruche 1 bis 1 1 beruhen daherjnicht au^irfaderi^ 

I Da auchber Beschreibung ein paientfahiger UberschuB'nicht zu entn^hmen sein durfte;^^n 
j mit der ErtWung eines Patents m^^^ ''^ ^ 
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